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Abstract
We investigate the dark matter constraints for the nonminimal SUSY standard model
(NMSSM). The cosmologically restricted mass spectra of the NMSSM are compared to
the minimal SUSY standard model (MSSM). The differences of the two models concerning
the neutralino, sfermion and Higgs sector are discussed. The dark matter condition leads
to cosmologically allowed mass ranges for the SUSY particles in the NMSSM: mχ˜0
1
<
300GeV , me˜R < 300GeV , 300GeV < mu˜R < 1900GeV , 200GeV < mt˜1 < 1500GeV ,
350GeV < mg˜ < 2100GeV and for the mass of the lightest scalar Higgs mS1 < 140GeV .
i) Introduction. Supersymmetry (SUSY) is suggested to solve the hierarchy problem
of the standard model (SM), if it is embedded in a grand unified theory (GUT). The
simplest SUSY extension of the SM is the minimal SUSY standard model (MSSM) [1, 2].
In the nonminimal SUSY standard model (NMSSM) [3] the Higgs sector of the MSSM
is extended by a Higgs singlet N. By introducing a Higgs singlet N the µ-parameter of
the MSSM (µ-problem) can be dynamically generated via µ = λx with the vaccum ex-
pectation value (VEV) 〈N〉 = x and λ being the Yukawa coupling of the Higgs fields.
The phenomenology of the NMSSM has been analysed in several papers [4] - [13]. SUSY
models with Higgs singlets can be derived from superstring inspired E6 or SU(5)× U(1)
GUT models and they offer the possibility of spontaneous breaking of the CP symme-
try. The discrete Z 3 symmetry of the NMSSM causes a domain wall problem, because
the Z 3 symmetry is spontaneously broken during the electoweak phase transition in the
early universe. The domain wall problem of the NMSSM and possible solutions to it are
discussed in [14].
In addition to the particle spectrum of the MSSM there are two extra Higgses and one
extra neutralino in the NMSSM, which can mix with the other Higgses and neutralinos,
and thus modify their properties. In many SUSY models the lightest SUSY particle (LSP)
is a neutralino, which is a good candidate for cold dark matter. In the NMSSM the LSP
neutralino can have a larger singlino portion. The cosmology of these LSP singlinos has
been discussed in [15] at a given fixed low energy scale. The experimentally and cosmo-
logically allowed parameter space of the NMSSM and the dark matter neutralinos have
been investigated in [16] using RG evolutions.
In the present paper we show, how the dark matter condition restricts the mass spec-
tra of the SUSY particles in the NMSSM. The cosmologically restricted mass spectra of
the MSSM and NMSSM are compared and differences are discussed. In contrast to the
previous investigation on NMSSM dark matter [16], we search for solutions which are
the (global) minimum of the effective 1 loop Higgs potential and whose parameters are
evolved with the SUSY RGEs from the GUT scale to the electroweak scale using the lat-
est experimental constraints. Furthermore we consider all possible decay channels which
occur in neutralino annihilation.
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ii) The NMSSM. The NMSSM [3] is a supersymmetric SU(3)C ×SU(2)I ×U(1)Y gauge
theory with two Higgs doublets H1, H2 and a Higgs singlet N . This model is defined by
the superpotential (with only dimensionless couplings)
W = hd H
T
1 ǫ Q˜ D˜ − hu HT2 ǫ Q˜ U˜ + λ HT1 ǫ H2 N −
1
3
k N3 (1)
(ǫ is the antisymmetric tensor with ǫ12 = 1) and the SUSY soft breaking terms
Lsoft = −m2H1 |H1|2 −m2H2 |H2|2 −m2N |N |2 −M2Q |Q˜|2 −M2U |U˜ |2 −M2D |D˜|2
−hd Ad HT1 ǫ Q˜ D˜ + hu Au HT2 ǫ Q˜ U˜
+ λ Aλ H
T
1 ǫ H2 N +
1
3
k Ak N
3
+
1
2
M3 λ3 λ3 +
1
2
M2 λ
a
2 λ
a
2 +
1
2
M1 λ1 λ1 + h.c. (2)
The effective 1 loop Higgs potential consists of the tree-level potential and the radiative
corrections
V1loop = Vtree + Vrad. (3)
The contributions of the top quark and stops t˜1,2 are considered in the radiative corrections
to the effective Higgs potential [5]
Vrad =
1
64 π2
∑
i
Ci (−1)2Si (2Si + 1)m4i ln(
m2i
Q2
), (4)
where the sum is taken over all particles and antiparticles with field-dependent mass mi,
spin Si and color degrees of freedom Ci. The electroweak gauge-symmetry SU(2)I×U(1)Y
is spontaneously broken to the electromagnetic gauge-symmetry U(1)em by the Higgs
VEVs 〈H0i 〉 = vi with i = 1, 2 and 〈N〉 = x. The three minimum conditions for the VEVs
have the form:
1
2
m2Z =
m2H1 + Σ
1 − (m2H2 + Σ2) tan2 β
tan2 β − 1 − λ
2x2 (5)
sin(2β) =
2 λ x (Aλ + k x)
m2H1 + Σ
1 +m2H2 + Σ
2 + 2 λ2 x2 + λ2 v2
(6)
(m2N + Σ
3) x2 − k Ak x3 + 2 k2 x4 + λ2 x2 v2 − 1
2
(Aλ + 2 k x) λ x v
2 sin(2β) = 0 (7)
2
where v =
√
v21 + v
2
2 = 174GeV , tanβ = v2/v1 and Σ
i = ∂Vrad/∂v
2
i .
The mass of the neutralinos follows from the following part of the lagrangian
L = −1
2
ΨTMΨ+ h.c. (8)
ΨT = (−iλ1,−iλ32,Ψ0H1,Ψ0H2,ΨN). (9)
The symmetric mass matrix M of the neutralinos in the basis given in (9) has the form:

M1 0 −mZ sin θW cos β mZ sin θW sin β 0
0 M2 mZ cos θW cos β −mZ cos θW sin β 0
−mZ sin θW cos β mZ cos θW cos β 0 λ x λ v2
mZ sin θW sin β −mZ cos θW sin β λ x 0 λ v1
0 0 λ v2 λ v1 −2 k x

 .
With µ = λ x the first 4 × 4 submatrix recovers the mass matrix of the MSSM [2]. The
mass of the neutralinos is here obtained by diagonalising the mass matrix M with the
orthogonal matrix N . (Then some mass eigenvalues may be negative [17].)
L = −1
2
mi χ˜0i χ˜
0
i (10)
χ˜0i =
(
χ0i
χ0i
)
with χ0i = NijΨj and Mdiag = N M N
T . (11)
Gauge coupling unification in non-supersymmetric GUTs is already excluded by the pre-
cision measurements at LEP [18]. In supersymmetric GUTs gauge coupling unification
ga(MX) = g5 ≃ 0.72 is possible at a scale MX ≃ 1.6 × 1016 GeV . For the SUSY soft
breaking parameters we suppose universality at the GUT scale MX :
mi(MX) = m0
Ma(MX) = m1/2
Ai(MX) = A0 (Aλ(MX) = −A0).
(12)
The Yukawa couplings at the GUT scale take the values λ(MX) = λ0, k(MX) = k0 and
ht(MX) = ht0. With the SUSY RGEs [19] the SUSY soft breaking parameters and the
Yukawa couplings are evolved from the GUT scale to the electroweak scale Mweak ≃
100 GeV . At Mweak we minimize the effective 1 loop Higgs potential. The 8 parameters
of the NMSSM are m0, m1/2, A0, λ0, k0, ht0, tan β and x, with only 5 of them being
independent, which in our procedure are taken as λ0, k0, ht0, tanβ and x. The remaining 3
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parameters (m0, m1/2, A0) are numerically calculated from the three minimum conditions
(5-7) following the method described in [6]:
Since we take here tanβ and x as (randomly chosen) fixed input parameters, the three
minimum conditions (5-7) depend only on the low energy parameters mi, Ai, λ, k and ht
generalized as pk(Mweak):
∂ V1loop
∂ vi
= Fi(pk) = 0 (i = 1− 3). (13)
The low energy parameters λ, k and ht are fixed by the SUSY RGEs and the remaining
(randomly chosen) fixed input parameters λ0, k0 and ht0. With the SUSY RGEs the low
energy parameters mi and Ai are then only depending on the GUT scale parameters m0,
m1/2 and A0. Therefore all low energy parameters pk(Mweak) can be written as functions
fk (which can be constant) of the GUT scale parameters m0, m1/2 and A0:
pk(Mweak) = fk(m0, m1/2, A0). (14)
The functions fk are determined by numerically solving the SUSY RGEs [19]. In the
three minimum conditions (13) we then substitute the low energy parameters pk(Mweak)
by the functions fk and obtain the equations
Fi(fk(m0, m1/2, A0)) = Gi(m0, m1/2, A0) = 0 (i = 1− 3). (15)
The SUSY breaking parameters m0, m1/2 and A0 are then determined by numerically
solving the equations Gi(m0, m1/2, A0) = 0 (i = 1− 3).
Because we assume ht ≫ hb, hτ , we restrict | tanβ | to be smaller than 20 [6]. For the
singlet VEV x we choose the range |x| < 80 TeV [6, 7, 11].
The physical minimum of the Higgs potential should be the global minimum. We check,
whether the physical minimum is lower than the unphysical minima of V1loop(v1, v2, x)
with at least one vanishing VEV [4].
The conditions [19], that the minimum of the scalar potential does not break the conser-
vation of charge and colour, can be formulated as follows:
A2ui ≤ 3(m2H2 +m2Qi +m2Ui) at scale Q ∼ Aui/hui (16)
A2di ≤ 3(m2H1 +m2Qi +m2Di) at scale Q ∼ Adi/hdi (17)
A2ei ≤ 3(m2H1 +m2Li +m2Ei) at scale Q ∼ Aei/hei. (18)
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For the top quark pole mass we take the range 169GeV < mt < 181GeV corresponding
to the recent world average measurement [20]. The SUSY particles in the NMSSM have
to fulfill the following experimental conditions: mν˜ ≥ 41.8GeV [21], me˜ ≥ 65 GeV [22],
mq˜ ≥ 176GeV (if mg˜ < 300GeV ) [21] and mq˜ ≥ 70GeV (for all mg˜) [23],
mt˜ ≥ 58.3GeV [24], mg˜ ≥ 173GeV [25], mχ˜+ ≥ 71.3GeV [26], mH+ ≥ 43.5GeV [21],
mS1 ≥ 70.7 GeV [22] or the coupling of the lightest scalar Higgs S1 to the Z boson is
reduced compared to the SM [22, 27] assuming visible decays with branching ratios like
the SM Higgs [7], and ∑
i,j
Γ(Z → χ˜0i χ˜0j ) < 30MeV [28]
Γ(Z → χ˜01χ˜01) < 7MeV [28]
BR(Z → χ˜0i χ˜0j) < 10−5 , (i, j) 6= (1, 1) [28].
iii) Dark matter constraints. Inflationary cosmological models suggest a flat universe
with Ω = ρ/ρcrit = 1. Big bang nucleosynthesis restricts the baryon density to Ωbaryons ≤
0.1. The missing matter is called dark matter. One of the favoured theories to explain the
structure formation of the universe is the cold + hot dark matter model (CHDM) [29].
In this model the dark matter consists of hot dark matter (massiv neutrinos) and cold
dark matter (neutralinos) with Ωhot ≃ 0.3 and Ωcold ≃ 0.65. With the Hubble constant
H0 = 100 h0 km s
−1 Mpc−1 and the range 0.4 < h0 < 1, the condition for the cosmic
density of the neutralinos in the CHDM model reads
0.1 ≤ Ωχh20 ≤ 0.65. (19)
With the annihilation cross section of the neutralinos σannv = a+ b v
2 (v is the relative
velocity of the neutralinos) the cosmic neutralino density [30, 31, 32] can be calculated
Ωχh
2
0 =
1.07× 109 xfr√
g∗ MP (a+
3 b
xfr
)
1
GeV
, (20)
where MP = 1.221× 1019 GeV is the Planck mass and g∗ ≈ 81 is the effective number of
degrees of freedom at Tfr. The freeze-out temperature of the neutralinos Tfr follows from
the equation [30, 31, 32]
xfr = ln
(
0.0764 |mχ˜0
1
|MP
a + 6 b
xfr√
g∗ xfr
c (2 + c)
)
(21)
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with xfr = |mχ˜0
1
|/Tfr and c = 1/2.
In the MSSM the formulas for the annihilation cross section of the neutralinos into the
different decay products X and Y can be found in [30]
σann(χ˜
0
1 χ˜
0
1 → X Y )v =
1
4
βf
8πsS
[
|A(1S0)|2 + 1
3
(|A(3P0)|2 + |A(3P1)|2 + |A(3P2)|2)
]
(22)
βf =
√
1− 2(m
2
X +m
2
Y )
s
+
(m2X −m2Y )2
s2
(23)
s ≈ 4m2χ˜ is the center of mass energy squared. S is a symmetry factor, which is 2 if
X = Y . The partial wave amplitude A describes annihilation from an initial state 2S+1LJ
with spin S, orbital angular momentum L and total angular momentum J.
In the NMSSM the annihilation cross section of the neutralinos changes because of more
particles in this model, which can mix, and modified vertices. In our numerical analysis we
consider all possible decay channels. The relevant formulas for the NMSSM are obtained
by substituting the MSSM couplings in [30] by the corresponding NMSSM couplings and
by slightly modifying the partial wave amplitudes in [30] and will be given in [33]. Here
we only give the NMSSM couplings for the dominant decay channel
χ˜01 χ˜
0
1 → fa fa.
The fermions are produced by Z boson, scalar Higgs Si (i = 1 − 3) and pseudoscalar
Higgs Pα (α = 1, 2) exchange in the s-channel and sfermion f˜1,2 exchange in the t- and
u-channel. When the LSP neutralino, which is denoted with index 0 in [30] instead of 1, is
predominantly a bino (N01
2 ≈ 1 in eq. (11)), the annihilation cross section is dominated
by sfermion exchange. The couplings of the unmixed sfermion f˜L,R to the fermion fa and
LSP neutralino, are given by
Xa0 = −
√
2 g2 [T3aN02 − tan θW (T3a − efa)N01] (24)
Ya0 =
√
2 g2 tan θW efa N01 (25)
Zu0 = − g2mu√
2 sin β mW
N04 (26)
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Zd0 = − g2md√
2 cos β mW
N03 (27)
and refer to eqs. (A32a)-(A32c) in [30]. These couplings have the same form in the MSSM
and NMSSM. The only difference follows from the matrix N , which diagonalizes the mass
matrix of the neutralinos. The couplings X ′a0, W
′
a0, Z
′
a0 and Y
′
a0 of the mixed sfermion
f˜1,2 to the fermion fa and LSP neutralino are easily given in terms of the unmixed case as
described by eq. (A31) in [30]. When the Higgsino portion of the LSP neutralino is larger
(larger N03
2, N04
2 in eq. (11)), Z boson exchange becomes important for the annihilation
cross section. The coupling of the Z boson to the LSP neutralinos O′′L00 (eq. (A5e) in [30])
has the same form in the MSSM and NMSSM, but a different matrix N enters:
O′′L00 = −
1
2
N03
2 +
1
2
N04
2. (28)
In the NMSSM the Higgs-couplings to the fermions have to be modified compared to the
MSSM,
hPαu = −
g2 mu U
P
α2
2 sin β mw
hPαd = −
g2 md U
P
α1
2 cos β mw
(29)
hSiu = −
g2 mu U
S
i2
2 sin β mw
hSid = −
g2 md U
S
i1
2 cos β mw
. (30)
The 3 × 3 mass matrix of the scalar Higgses Si [3] in the basis (H01R, H02R, NR) with
H0iR =
√
2Re{H0i } (i = 1-3) is diagonalised by the matrix US . The 3× 3 mass matrix of
the pseudoscalar Higgses Pα and the Goldstone boson [3] in the basis (H
0
1I , H
0
2I , NI) with
H0iI =
√
2 Im{H0i } (i = 1-3) is here diagonalised by the 3×3 matrix UP . These NMSSM
couplings have to be substituted for the MSSM couplings given in eqs. (A33a)-(A33c) of
[30]. The coupling of the scalar Higgs Sa to the neutralinos is different in the NMSSM
and the MSSM. In the NMSSM this coupling can be written as
TSaij = −USa1 Q′′ij + USa2 S ′′ij + USa3 Z ′′ij (31)
Q′′ij =
1
2 g2
[Ni3 (g2 Nj2 − gy Nj1) +
√
2 λ Ni4 Nj5 + (i↔ j)] (32)
S ′′ij =
1
2 g2
[Ni4 (g2 Nj2 − gy Nj1)−
√
2 λ Ni3 Nj5 + (i↔ j)] (33)
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Z ′′ij =
1
2 g2
[−
√
2 λ Ni3 Nj4 +
√
2 k Ni5 Nj5 + (i↔ j)], (34)
to be substituted for the MSSM couplings given in eqs. (A9b,A9c) of [30]. The coupling of
the pseudoscalar Higgs Pα to the neutralinos also changes. In the NMSSM this coupling
has the following form
TPαij = −UPα1 Q′′′ij + UPα2 S ′′′ij − UPα3 Z ′′′ij (35)
Q′′′ij =
1
2 g2
[Ni3 (g2 Nj2 − gy Nj1)−
√
2 λ Ni4 Nj5 + (i↔ j)] (36)
S ′′′ij =
1
2 g2
[Ni4 (g2 Nj2 − gy Nj1) +
√
2 λ Ni3 Nj5 + (i↔ j)] (37)
Z ′′′ij = Z
′′
ij, (38)
which has to be used instead of the MSSM coupling in eq. (A9a) of [30].
iv) Particle spectra. To obtain the mass spectra of the SUSY particles in the NMSSM,
we randomly generate ∼ 5.5×108 points in the 5 dimensional parameter space of the input
parameters λ0, k0, ht0, tanβ and x. The SUSY breaking parameters m0, m1/2 and A0 are
then determined by numerically solving the three minimum equations (15) as described
there. Having found a solution to the SUSY RGEs, whose effective 1 loop Higgs potential
has a local minimum for the input parameters tan β and x, we calculate the masses of
all SUSY particles [2, 34] and Higgses [3, 5, 10, 11] and impose the additional theoretical
and experimental constraints described above in ii). With all these requirements, about
4900 solutions remain, from which about 2000 solutions are cosmologically acceptable.
For the constrained MSSM in [35] a scatter-plot of solutions in the (m1/2, m0) plane is
shown. Upper bounds of 1.1 TeV for m1/2 and 600 GeV for m0 are found. For m1/2 ≈
100 GeV solutions with much larger m0 are allowed due to Z-pole enhanced neutralino
pair annihilation (mχ˜0
1
≈ mZ/2). The comparable scatter-plot for the NMSSM (more
details in [33]) shows only a few cosmologically allowed solutions with m0 ≫ m1/2. The
reason, why the case m0 ≫ m1/2 is somewhat suppressed in the NMSSM, is discussed in
[8]. It follows from the condition, that the minimum of the scalar potential does not break
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the conservation of charge and colour, and from the condition that the physical minimum
is lower than the symmetric vacuum, A20 > 9m
2
0.
As a few representative examples for the importance of the dark matter constraints we
show in the following some scatter-plots for the mass of SUSY particles. In the upper left
picture of fig.1 the mass of the LSP neutralino versus the mass of the lighter selectron is
shown for the MSSM. In the MSSM the LSP neutralino is mostly a bino. In the upper right
picture the dark matter condition is imposed and gives un upper bound of 280GeV for the
LSP neutralino and a cosmologically allowed mass range of 100GeV < me˜R < 300GeV
for the lighter selectron. These bounds for the LSP neutralino and lighter selectron can
be understood from the fact [30], that for a bino-like LSP neutralino the annihilation
cross section is dominated by sfermion exchange. Heavier selectrons are cosmologically
allowed, if Z-pole or Higgs-pole enhanced neutralino pair annihilation [35] occurs.
For the NMSSM the lower left picture of fig.1 shows the mass of the LSP neutralino
versus the mass of the lighter selectron. Compared to the MSSM there are not so many
solutions in the NMSSM with small LSP neutralino mass and large selectron mass, which
follows from the suppression of m0 ≫ m1/2 in the NMSSM [8]. In the NMSSM some LSP
neutralinos can have a larger singlino portion. Most of these singlinos are decoupled pure
singlinos [8, 11], but a smaller fraction of the singlinos can be mixed states ([15], more
details in [33]). The LSP neutralinos with mass below 40GeV and me˜R ≃ 70GeV in the
lower left picture of fig.1 are lighter singlinos.
The lower right picture of fig.1 shows the NMSSM solutions, which survive the dark
matter condition. The cosmologically allowed solutions in the MSSM and NMSSM look
quite similar except that heavier selectrons are allowed in the former. With the dark
matter condition nearly all decoupled pure LSP singlinos can be excluded (more details
in [33]), what can be seen for the lighter singlinos (mχ˜0
1
< 40GeV with me˜R ≃ 70GeV )
by comparing the lower pictures of fig.1.
Another difference between the MSSM and NMSSM is the enhanced lower bound of
50 GeV for most of the LSP neutralinos in the NMSSM. The dark matter condition in
the NMSSM in fig.1 exludes nearly all LSP neutralinos with mass mχ˜0
1
≈ mZ/2, even if
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they are not singlinos. The reason for this difference is the larger coupling O′′L00 in eq. (28)
of the Z boson to the LSP neutralinos in the NMSSM corresponding to neutralinos with
larger Higgsino portion. In the MSSM the coupling O′′L00 can be very small for nearly pure
bino-like LSP neutralinos, so that the neutralino pair annihilation becomes not too large
from Z exchange near the Z-pole. The difference follows from the circumstance, that the
NMSSM can be obtained from the MSSM in the limit λ, k → 0, | x | → ∞ with λx and kx
fixed. In this limit the first two minimum conditions (5),(6) of the NMSSM correspond
to the two minimum conditions of the MSSM, whereas the third minimum condition (7)
of the NMSSM would be an extra constraint for the MSSM [6, 11]. The third minimum
condition restricts the parameter region of the NMSSM compared to the MSSM in such a
way, that the coupling O′′L00 of the Z boson to the LSP neutralinos is larger in the NMSSM
for mχ˜0
1
≈ mZ/2.
In the left picture of fig.2 we show the mass of the lighter u-squark and the lighter stop
versus the mass of the gluino for the NMSSM. In contrast to the MSSM [36, 33], the squark
masses in the NMSSM are nearly proportional to the gluino mass. The already mentioned
reason is, that in the NMSSM solutions with m0 ≫ m1/2 are somewhat disfavoured. In
the right picture of fig.2 the cosmologically allowed lighter u-squark and lighter stop
masses are shown. In contrast to the MSSM, the dark matter condition improves the
lower bound for the gluino to 350GeV in the NMSSM. The reason is the enhanced lower
bound of 50 GeV for most of the LSP neutralinos in fig.1. Furthermore, the Higgsino
or singlino portion of the lightest cosmologically allowed LSP neutralinos is larger in the
NMSSM than in the MSSM as already discussed. For these LSP neutralinos with larger
Higgsino or singlino portion, the gaugino mass M1 is larger than their mass mχ˜0
1
. A larger
gaugino mass M1 leads to a larger gluino mass M3 in the NMSSM. Because the mass of
the squarks are nearly proportional to the gluino mass in the NMSSM, the lower bound
for the lighter u-squark improves to 300 GeV and the lower bound for the lighter stop
improves to 200GeV . This is in contrast to the MSSM, where the dark matter condition
does not change the lower bounds. The cosmologically upper bound of 1900GeV for the
lighter u-squark, 1500GeV for the lighter stop and 2100GeV for the gluino in the NMSSM
are similar to the corresponding upper bounds in the MSSM and are connected with the
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cosmologically upper bound of 300 GeV for the lighter selectron and the bino-like LSP
neutralino.
In the left picture of fig.3 the mass of the lightest scalar Higgs S1 versus the mass of the
gluino is shown for the NMSSM. The lightest scalar Higgs can be lighter than the MSSM
Higgs bound of 62.5 GeV [22]. In this case the lightest scalar Higgs is predominantly a
Higgs singlet N [7, 9, 10]. The right picture of fig.3 shows only solutions, which fulfill
the dark matter condition. For bino-like LSP neutralinos the cosmologically allowed mass
range for the lightest scalar Higgs S1 is 40GeV < mS1 < 140GeV , which follows from the
cosmologically allowed mass range for the lighter selectron of 100GeV < me˜R < 300GeV .
Very light scalar Higgses S1 can be cosmologically allowed, if the LSP neutralino is a mixed
singlino [15] or a nearly pure singlino with mass mχ˜0
1
= mZ/2, so that Z-pole enhanced
neutralino pair annihilation occurs. The corresponding plots in the MSSM [37, 33] look
very similar with the exception, that there are no Higgses below the bound of 62.5 GeV
[22].
v) Conclusions. We have investigated the particle spectra of the MSSM and NMSSM
without and with the dark matter condition. In contrast to the MSSM, the squark
masses in the NMSSM are nearly proportional to the gluino mass. We found, that pure
LSP singlinos and most of the light scalar Higgs singlets are cosmologically excluded.
With the dark matter condition the following cosmologically allowed mass ranges for
the SUSY particles in the NMSSM can be given: mχ˜0
1
< 300 GeV , me˜R < 300 GeV ,
300GeV < mu˜R < 1900GeV , 200GeV < mt˜1 < 1500GeV , 350GeV < mg˜ < 2100GeV ,
mS1 < 140GeV . The upper bounds for the mass of the SUSY particles in the NMSSM
are comparable to the MSSM bounds. The larger Higgsino or singlino portion of the
lightest LSP neutralinos in the NMSSM leads to improved lower bounds for the gluinos
and squarks compared to the MSSM.
11
I am grateful to M. Glu¨ck and E. Reya for suggestions and many helpful discussions.
Also I would like to thank U. Ellwanger and C.A. Savoy for useful conversations. The
work has been supported by the ’Graduiertenkolleg am Institut fu¨r Physik der Universita¨t
Dortmund’.
References
[1] H.P. Nilles, Phys. Rep. 110 (1984) 1;
[2] H.E. Haber, G.L. Kane, Phys. Rep. 117 (1985) 75;
J.F. Gunion, H.E. Haber, Nucl. Phys. B272 (1986) 1.
[3] J. Ellis, J.F. Gunion, H.E. Haber, L. Roszkowski, F. Zwirner,
Phys. Rev. D39 (1989) 844.
[4] U. Ellwanger, M. Rausch de Traubenberg, Z Phys. C53 (1992) 521.
[5] U. Ellwanger, Phys. Lett. B303 (1993) 271.
[6] U. Ellwanger, M. Rausch de Traubenberg, C.A. Savoy, Phys. Lett. B315 (1993) 331.
[7] U. Ellwanger, M. Rausch de Traubenberg, C.A. Savoy, Z Phys. C67 (1995) 665.
[8] U. Ellwanger, M. Rausch de Traubenberg, C.A. Savoy, Nucl. Phys. B492 (1997) 21.
[9] T. Elliott, S.F. King, P.L. White, Phys. Lett. B305 (1993) 71.
[10] T. Elliott, S.F. King, P.L. White, Phys. Lett. B314 (1993) 56;
Phys. Rev. D49 (1994) 2435.
[11] S.F. King, P.L. White, Phys. Rev. D52 (1995) 4183.
[12] B. Ananthanarayan, P.N. Pandita, Phys. Lett. B371 (1996) 245.
[13] F. Franke, H. Fraas, A. Bartl, Phys. Lett. B336 (1994) 415;
F. Franke, H. Fraas, Phys. Lett. B353 (1995) 234; Z Phys. C72 (1996) 309.
12
[14] S.A. Abel, S. Sarkar, P.L. White, Nucl. Phys. B454 (1995) 663;
S.A. Abel, Nucl. Phys. B480 (1996) 55.
[15] B.R. Greene, P.J. Miron, Phys. Lett. B168 (1986) 226;
R. Flores, K.A. Olive, D. Thomas, Phys. Lett. B245 (1990) 509;
K.A. Olive, D. Thomas, Nucl. Phys. B355 (1991) 192.
[16] S.A. Abel, S. Sarkar, I.B. Whittingham, Nucl. Phys. B392 (1993) 83.
[17] A. Bartl, H. Fraas, W. Majerotto, Nucl. Phys. B278 (1986) 1.
[18] J. Ellis, S. Kelley, D.V. Nanopoulos, Phys. Lett. B260 (1991) 131;
U. Amaldi, W. de Boer, H. Fu¨rstenau, Phys. Lett. B260 (1991) 447;
P. Langacker, M. Luo, Phys. Rev. D44 (1991) 817.
[19] J.P. Derendinger, C.A. Savoy, Nucl. Phys. B237 (1984) 307.
[20] M. Gallinaro, CDF Collab., preprint FERMILAB-CONF-97/004-E.
[21] Particle Data Group, R.M. Barnett et al., Phys. Rev. D54 (1996) 1.
[22] G. Cowan, talk given at CERN on 25 Feb. 1997,
[http://alephwww.cern.ch/ALPUB/seminar/Cowan-172-jam/cowan.html].
[23] M. Bisset, S. Raychaudhuri, D.K. Ghosh, Tata Institute of Fundamental Research,
Mumbai preprint TIFR-TH-96-45, hep-ph/9608421.
[24] M. Pieri, talk given at CERN on 25 Feb. 1997,
[http://l3www.cern.ch/analysis/nplep2/plots.html].
[25] CDF Collab., F. Abe et al., preprint FERMILAB-PUB-97/031-E,
submitted to Phys. Rev. D.
[26] F. Richard, talk given at CERN on 25 Feb. 1997,
[http://delphiwww.cern.ch/delfigs/richard970225/richard.html].
[27] L3 Collab., M. Acciarri et al., Phys. Lett. B385 (1996) 454.
[28] M.A. Diaz, S.F. King, Phys. Lett. B349 (1995) 105.
13
[29] M. Davis, F. Summers, D. Schlegel, Nature 359 (1992) 393;
A. Klypin, J. Holtzman, J.R. Primack, E. Rego¨s, Astrophys. J. 416 (1993) 1.
[30] M. Drees, M.M. Nojiri, Phys. Rev. D47 (1993) 376.
[31] E.W. Kolb, M.S. Turner, The Early Universe (Addison-Wesley, New York, 1990).
[32] K. Griest, M. Kamionkowski, M.S. Turner, Phys. Rev. D41 (1990) 3565.
[33] A. Stephan, in preparation.
[34] A. Bartl, H. Fraas, W. Majerotto, B. Mo¨sslacher, Z Phys. C55 (1992) 257.
[35] C. Kolda, L. Roszkowski, J.D. Wells, G.L. Kane, Phys. Rev. D50 (1994) 3498.
[36] V. Barger, M.S. Berger, P. Ohmann, Phys. Rev. D49 (1994) 4908.
[37] W. de Boer et al., Universita¨t Karlsruhe, preprint IEKP-KA/96-04, hep-ph/9603350.
Figure Captions
Fig 1 The mass of the LSP neutralino versus the lighter selectron mass. The upper
pictures are for the MSSM, the lower pictures are for the NMSSM. In the right
pictures the dark matter condition is imposed.
Fig 2 The mass of the lighter u-squark and the lighter stop versus the gluino mass in the
NMSSM. In the right picture the dark matter condition is imposed.
Fig 3 The mass of the lightest Higgs S1 versus the gluino mass in the NMSSM. In the
right picture the dark matter condition is imposed.
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